The paper tries to evaluate the impact of integrated soil and water conservation measures on water availability in Mendae catchment (10.37 km 2 ), which is located in the northeastern Tigray. Historical background of the catchment with respect to its land use was obtained from the local Bureau of Agriculture and Rural Development office. The hydrology of the area was characterized based on its land use, soil, slope, rainfall, temperature, evapotranspiration, and runoff. Thornthwaite method and Thornthwaite soil-water balance model were used to determine potential and actual evapotranspiration, respectively. The mean annual runoff from the catchment was computed using runoff coefficient method. Before the intervention, the area was severely degraded and known with scarcity of water. Integrated soil and water conservation (physical and biological measures) was introduced to the area since 1993. The catchment is characterized by two rainy season and three dry seasons during the year. The rainy seasons in total have four months whereas the dry seasons comprises of eight months. The mean annual rainfall of the catchment is 565.8 mm, out of which rainy season accounts for 86.13% and the dry season for 13.87%. The rain that occurs with a very high concentration accounts 73.20 % of the mean annual rainfall of the catchment and this occur only in two months (July and August).The mean annual potential and actual evapotranspiration was found to be 832.67 mm and 405.61mm, respectively. The volume of runoff before and after the intervention was found to be 26.88 % and 17.19 % of the mean annual rainfall of the catchment, respectively. The groundwater recharge before and after the intervention was found to be 1.43 % and 19.04% of the mean annual rainfall of the catchment, respectively. The availability of groundwater has increased more than 10 times since 1993. Though the groundwater is being used for both complimentary and supplementary irrigation during the dry and rainy season, respectively, construction of additional physical conservation structures is suggested to further improve the groundwater availability in the area.
whereas the minimum is 1940m above sea level in the flatland. Steep slopes cover the northwestern, western and southwestern part of the study area.
Figure1. Location map of the study area.
The study area is the western part of the Suluh River, which is a tributary of the Tekeze River. It is the largest river in the catchment that flows from north to south. Besides to this perennial river, the seasonal streams that drain the area are originated from the surrounding highlands and flow to east and southeast to the Suluh River. The streams are dense at the area of higher slope and get rare where the slopes are flat. In the catchment, the total stream length is 21.9 km and drainage density is 2.1 km/km 2 . Generally, the catchment has dendritic drainage pattern (Fig 1) and the main source of water for the streams is rainfall.
The study area is covered by different soil textural groups. Sandy, sandy loam, clay and loamy sand are the main soil types and among these, sand is the dominant textural class. It is found covering the area starting from the upper north part to the lower flat area. In general, the nature, thickness and distribution of the soils varies depending on the slope of the study area: thin soil deposits that are relatively coarse are found on steep slope being deposited along the fractures the rocks whereas thick and fine grained soil deposits are found in the flatland.
The land use pattern in the area can be classified in to cultivated land, grazing land, area closure (bush land), home stead and bare land. The cultivated land commonly used for wheat, maize, and others cereal crop production. Currently the farmers use their lands both for cereal crops production and vegetables like cabbage, tomato, chills, onion and fruits by using groundwater as a source for irrigation.
METHODOLOGY

Data collection
Topographic map with a scale 1:50,000 (1339B1and 1339A2) was used to prepare the base map of the study area. The primary and secondary data were collected from the field and agricultural offices, respectively. CropWat, ArcView GIS 3.2 and CorelDRAW 12 software's were used for mapping purposes and for data analysis.
Soil and Land Use
The soil samples were taken based on the land use of the catchment. Moreover, field observation and feeling method was used to determine the number of sample pits that should be taken.
Accordingly, seven soil sample pits were taken for the collection of desired soil data. The depth of the sample pits that should be considered was determined based on the average root depth of different vegetations in the study area. Disturbed and undisturbed soil samples were taken from 130 cm deep pit opened at 0-40 cm, 40-80 cm and 80-130 cm interval. The pits were opened at the aforementioned interval based on the type of soil profile. In order to determine the available water holding capacity of the soil, average root depth of different vegetations were measured in the field using tape meter. In addition, the current land use and soil texture data were collected in ISSN:2220-184X the field and the land use data of the catchment before intervention was collected from the local Bureau of Agriculture and Rural Development (BoARD) Office of the area (Woreda Office).
Characterization of Soil and Water Conservation Measures
Transect walk was made to identify the major physical soil and water conservation practices implemented in the upper catchment. Characterization of physical conservation was made based on dimension measurement. Dimensions were measured using tape meter and graduated stick.
Meteorological data
The meteorological data required to determine the basic hydrological parameters were obtained 
Data Analysis
Soil Analysis
In order to have representative soil sample, composite samples were prepared and taken to laboratory for grain size analysis using hydrometric method. The USDA soil textural classification system was used for the determination of textural class of the soil samples.
The moisture content of the soil at permanent wilting point (PWP) and field capacity (FC) was determined from collected soil samples. In this case the soil samples were saturated, a state where all pore spaces are filled with water and pressure of 0.33 bars and 15 bars were applied for FC and PWP, respectively. Then, the samples were taken to oven to dry and estimate the moisture content held in the soil at FC and PWP.
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Then, the available moisture content for each profile and the total available moisture content through the entire profile were determined for each dominant soil type. In this case different soil layers with different AMC were summed up layer-by-layer as follows (Stephen, 1999) :
Where, L = thickness of soil layer; 1, 2 and N subscripts represent each successive soil layer.
Taking the average root depth of different crops and vegetations that dominantly grown in the catchment, the soil water holding capacity up to the active root zone was estimated so as to determine the actual evapotranspiration.
The actual soil moisture storage (SM) was computed using the basic equation (Thornthwaite and Mather, 1957) .
Where, SM in mm; APWL -accumulated potential water loss (mm); SWHC is soil water holding capacity (mm).
Water balance
All water balance equations are based on the premise that the difference between water inflow and out flow over a given time period for the hydrologic system must be equal to the change in water storage in that system (Radwan, 2009 ). This would mean:
Inflow -Outflow ± Change in storage = 0 ……………………………………………………..
The main purpose of this computation is to make a quantitative evaluation of the amount of water that percolate into the ground to recharge the groundwater circulation occurring in the investigated area before and after the intervention.
Various assumptions have been made to derive the water balance equation for the studied area and these are summarized below:
1. Since the computations are made on annual basis, net change of soil moisture and groundwater storage is assumed to be zero.
2. Subsurface water exchange with neighboring basins is assumed to be zero.
3. Assuming no artificial diversion from other basins.
For the case of the study area, the above general equation is reduced into the following form.
P -(AET + Q) = GW R …………………………………………………………………...…….. (5) Where, P is precipitation; AET is actual evapotranspiration; Q is runoff from the catchment; ISSN:2220-184X
The different water balance components have been computed using the following different techniques.
The mean annual rainfall was computed using arithmetical mean method. The areal pattern of the seasonality of rainfall in the study area was determined by analyzing mean monthly rainfall data for one station in the study area. To compare the monthly distribution of rainfall at this station, the method employed here was adapted from a study of precipitation data for the Awash River
Basin (Daniel, 1974) .This involved the calculation of "rainfall coefficient" for each month at the station, the coefficient being the ratio between the mean monthly rainfall and one-twelfth of the annual mean (the latter referred to as "rainfall module"). To distinguish between a "rainy" month and a "dry" month in the Awash Basin study, a month is designated "rainy" when the monthly rainfall coefficient reaches 0.6 (60 % of the rainfall module), and distinctly rainy when it exceeds 0.8. Extremely rainy months have a coefficient of more than 1 (that is, the rainfall exceeds the module value) (Daniel, 1974) .
In this study, a month was designated "rainy" if the rainfall coefficient is 0.6 or over, as in the Awash Basin study. The term "small rains" is employed to refer to those months with a rainfall coefficient of 0.6 to 0.9; and the term "big rains" to those months where the coefficient is 1.0 and above. The "big" rainy months are further classified into three groups: those with "moderate concentration" of rainfall (coefficient of 1.0 to 1.9); those with "high concentration" of rainfall (coefficient of 2.0to 2.9); and those with "very high concentration" of rainfall (coefficient of 3.0 and above). Actual evapotranspiration was computed using Thornthwaite soil-water balance model (Dunne and Leopold, 1978) . The available water capacities for combinations of soil texture and vegetation were used for the determination of the available water capacity of root zone, which is suggested by Thornthwaite and Mather (1957) .The total mean actual evapotranspiration that occurs in the catchment was determined by arithmetic mean of the annual actual evapotranspiration from each land use weighted by their area coverage.
Where, AET T is total actual evapotranspiration; AET i is mean annual actual evapotranspiration from each land use; a i is area of each land use; and A is total catchment area.
The volume of surface runoff that can be generated from the catchment was calculated using runoff coefficient method. According to Garg (1987) , the runoff volume from the catchment can be computed by using the runoff coefficient method, which can be expressed by the following formula. Q = C*P*A………………………………………………………………………………….… (11) Where, Q is runoff volume from the catchment (m 3 ); P is average precipitation (m); A is catchment area (m 2 ); and, C is runoff coefficient.
The runoff coefficient (C) in the runoff coefficient method was determined based on the land use, soil type (hydrological soil groups) and slope. The four hydrologic soil groups (HSGs) that are described by Suresh (2002) was used in the computation of runoff. ISSN:2220-184X
RESULTS AND DISCUSSION
Characterization of Physical Conservation Measures
Different physical conservation measures were implemented with the aim to reduce slope length and to conserve surface runoff thereby increasing infiltration in the study area. Hillside terraces and stone check dams were constructed in the upper hillside of the catchment and deep trenches, series of ponds, SS dam, gabion check dam and percolation ponds were constructed in the foot of the slopes in order to capture the coming surface runoff. Physical conservation measures constructed in the foot of the hillside were characterized and the volumes of surface runoff that can be retained by these physical measures were computed using the measured dimensions of the structures (Table 1) . Thornthwaite and Mather, 1957) 
Hydrology
The hydrology of the catchment was examined based on land use, soil and climatic parameters such as rainfall, temperature, evapotranspiration and runoff. ISSN:2220-184X
Soil Water Holding Capacity
The available water content of each soil layer in each pit and the total available water for the entire profile were computed using the Eq. 2, and the results are given in table 2.
The AWC estimated using the laboratory result was a little bit different from suggested available water content of the major soils of the study area.
Rainfall
Mean Monthly Rainfall
The mean monthly rainfall (Table 3, Fig 2) was averaged over eighteen years of record. Accordingly, the highest rainfall of the area is recorded in July and August, which accounts 73.2 % of the total mean annual rainfall of the study area whereas the minimum rainfall is recorded in December and January which accounts about 0.3 % of the total mean annual rainfall of the study area. The study area receives mean annual rainfall of 565.8 mm. 
Seasonality of Rainfall
The catchment is characterized by two rainy seasons and three dry seasons during the year. The rainy seasons in total have four months which comprises of April, June, July and August whereas the dry season comprises of eight months (Table 4) . 
Note: RC -Rainfall coefficient; SR-Small rain; BR -Big rain; VH -Very high concentration.
Temperature
The maximum and minimum temperature data of the study area was analyzed and the mean annual maximum and minimum temperature was found to be 27.9 °C and 11°C, respectively (Table 5 ). The mean annual air temperature of the study area is 18.7°C.The mean monthly maximum and minimum air temperature were recorded in June and December having 21.32°C
and 15.48°C, respectively. Note: MMMT -Mean monthly maximum temperature; MMMiT -Mean monthly minimum temperature; MMAT -Mean monthly air temperature.
Wind Speed, Solar Radiation and Relative Humidity
The mean monthly wind speed values were computed and are given in the table 6. The maximum and minimum wind speed value is obtained in April (2.55 m/s) and July (1.29 m/s), respectively.
In general the highest and lowest wind speed values are found both in the rainy months where rains occur in small and very high concentration, respectively. The mean monthly values were computed and are given in table 6. The maximum and minimum relative humidity value is found in August (77.13 %) and February (40.63 %) respectively. In general the highest humidity values are found in the rainy months whereas the lowest values are in dry months. The mean monthly sunshine hours of the area are given in table 6. The maximum sunshine hour is recorded in December (10.31 hours) whereas the minimum one is in July (4.64 hours). Generally, the maximum sunshine hours are found in dry months whereas the minimum are in very highly rainy months. Note: WS is Wind speed; RH is Relative humidity; and, SH is Sunshine hours.
Evapotranspiration
3.3.5.1.Potential Evapotranspiration
The mean annual potential evapotranspiration value obtained by using Penman-Monteith and Note: T -mean monthly air temperature (ºC); j -monthly heat index; LCF-latitude correction factor at 10º N; CPET -corrected or adjusted potential evapotranspiration (mm).
Actual Evapotranspiration
Actual evapotranspiration was estimated using Thornthwaite soil-water balance model. Accordingly, the mean annual actual evapotranspiration for the entire catchment was found to be 405.61 mm. The computed values of actual evapotranspiration for different soil types of the catchment are given in the table 10-13. All these results are summarized and given in the table 9. 
Surface Runoff
The volume of surface runoff generated within the catchment and escaping from the catchment has its own effect on water availability inside the catchment. The mean annual runoffs generated from the different land use of the catchment before and after intervention were computed and are discussed below.
Surface Runoff before the Intervention
The volume of surface runoff before the intervention was computed using the land use and runoff coefficient data before the intervention and the result is given in table 14.
As it can be seen from table 14 the study area was highly characterized by intensive cultivation, bare land and grazing land. As the result of this situation, the runoff coefficient of the study area increases which intern resulted generation of huge amount surface runoff from constituting different landforms. Accordingly, the volume of surface runoff before the intervention was found to be 1,577,167m 3 , which is 26.88 %of the mean annual rainfall of the area. Acc. Pot. Acc. Pot. WL -251.64 -314.35 -374.58 -431.99 -491.72 -541.50 -47.92 -104.16 -148.98 -193 The surface runoff after the intervention was found to be 1,008,821.4m 3 , which is 17.19% of total rainfall. There is 9.69 % decrease in surface runoff after the intervention. This decrease in the runoff is mainly due to the intervention of integrated soil and water conservation measures that create an opportunity for the water that was used to left the area as a surface runoff to percolate and recharge the groundwater.
Water Balance
Water Balance before the Intervention
The input component of the catchment is precipitation and the output components are actual evapotranspiration and runoff. Using the water balance equation the amount of water that infiltrated into the ground was calculated.
P-AET-Q B -GW RB = 0……………………………………………………………………….. (12) Where, P is precipitation (5, 867, 346m 3 ); Q B is surface runoff before the intervention
(1,577,167m 3 ); AET is actual evapotranspiration (4, 206, 149.41m 3 ); and GWR B is groundwater recharge before the intervention. ISSN:2220-184X
and farmers currently are utilizing this water for complimentary irrigation during dry season and supplementary irrigation in the rainy season where the rain get scarcity.
Since the study area is characterized by high intensity of rainfall during two months and which can produce high surface runoff, and additional physical conservation structures are suggested to be constructed to capture 100 % of produced runoff.
For better results and production land suitability evaluation should be carried out before the implementation of different management intervention.
In order to maintain the continuity of proper land management, all stake holders should give due attention and provide the required support.
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